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, ABSTRACT 

We present results based on two years of intense Swift monitoring of three supergiant fast 
X-ray transients (SFXTs), IGR J16479-4514, XTE J1739-302, and IGR J17544-2619, 
which we started in October 2007. Our out-of-outburst intensity-based X-ray (0.3-10 keV) 
^sO [ spectroscopy yields absorbed power laws characterized by hard photon indices (T~ 1-2). The 

broad-band (0.3-150keV) spectra of these sources, obtained while they were undergoing new 
outbursts observed during the second year of monitoring, can be fit well with models typi- 
cally used to describe the X-ray emission from accreting neutron stars in high-mass X-ray 
binaries. We obtain an assessment of how long each source spends in each state using a sys- 
tematic monitoring with a sensitive instrument. By considering our monitoring as a casual 
, sampling of the X-ray light curves, we can infer that the time these sources spend in bright 

outbursts is between 3 and 5 % of the total. The most probable X-ray flux for these sources 
is ~ 1-2 x 10~ n erg cm~ 2 s _1 (2-10keV, unabsorbed), corresponding to luminosities in 
the order of a few 10 33 to a few 10 34 erg s _1 (two orders of magnitude lower than the bright 
/\ ' outbursts). In particular, the duty-cycle of inactivity is ~ 19, 39, 55% (~ 5% uncertainty), 

for IGR J16479-4514, XTE J1739-302, and IGR J17544-2619, respectively. We present 
a complete list of BAT on-board detections, which further confirms the continued activity of 
these sources. This demonstrates that true quiescence is a rare state, and that these transients 
accrete matter throughout their life at different rates. Variability in the X-ray flux is observed 
at all timescales and intensity ranges we can probe. Superimposed on the day-to-day vari- 
ability is intra-day flaring which involves flux variations up to one order of magnitude that 
can occur down to timescales as short as ~ 1 ks, and which can be naturally explained by 
the accretion of single clumps composing the donor wind with masses M c \ ~ 0.3-2 x 10 19 
g. Thanks to the Swift observations, the general picture we obtain is that, despite individual 
differences, common X-ray characteristics of this class are now well defined, such as outburst 
lengths well in excess of hours, with a multiple peaked structure, and a high dynamic range 
(including bright outbursts), up to ~ 4 orders of magnitude. 

Key words: X-rays: binaries - X-rays: individual: IGR J16479-4514, XTE J1739-302, 
IGR J17544-2619. 
Facility: Swift 



1 INTRODUCTION 



Supergiant fast X-ray transients (SFXTs) constitute a new class 
of High Mass X-ray Binaries (HMXBs). Discovered by INTE- 
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Table 4. Summary of the Swift/XKT monitoring campaign. 



Name Campaign Campaign N a Exposure 10 Outburst BAT References 

Start End Dates Trigger 

(yyyy-mm-dd) (yyyy-mm-dd) (ks) (yyyy-mm-dd) 



IGRJ16479-4514 


2007-10-26 


2008-10-25 


70 


75.2 


2008-03-19 


306829 


Romano et al (2008d) 












2008-05-21 


312068 






2009-01-29 


2009-10-25 


74 


85.7 


2009-01-29 


341452 


Romano et al. (2009e); La Parola et al. (20091 


XTEJ1739-302 


2007-10-27 


2008-10-31 


95 


116.1 


2008-04-08 


308797 


Romano et al. (2008c); Sidoli et al. (2009c) 












2008-08-13 


319963 


Romano et al. (2008b). Sidoli et al. (2009a) 




2009-02-21 


2009-11-01 


89 


89.6 


2009-03-10 


346069 


Romano et al. (2009d), this work 


IGRJ17544-2619 


2007-10-2% 


2008-10-31 


77 


74.8 


2007-11-08 


BTM 


Krimm et al. (2007) 












2008-03-31 


308224 


Sidoli etal. (2008a. 2009c) 












2008-09-04 


XM 


Romano et al. (2008a): Sidoli et al. (2009a) 




2009-02-21 


2009-11-03 


65 


68.0 


2009-03-15 


BTM 


Krimm et al. (20091 












2009-06-06 


354221 


Romano et al. (2009f) 


First year 






330 


362.6 








Second year 






228 


243.3 








Total 






558 


605.9 









a Number of observations (individual OBSIDs) obtained during the monitoring campaign. 
b Swift/XKT net exposure. 

c BAT trigger dates. BTM=triggered the BAT Transient Monitor; XM=discovered in XRT monitoring data. 
Note. We report the data from the first year in italics. 



GRAL ( Sguera et al. 2005), they are firmly associated with OB su- 
pergiant stars via optical spectroscopy, and display sporadic X- 
ray outbursts significantly shorter than those of typical Be/X- 
ray binaries, characterized (as observed by INTEGRAL/IBIS) by 
bright flare s (peak luminosities of 10 36 -10 37 erg s - 1 ) lasting a 
few hours dSguera et alj|2005l ; iNegueruela etail l2006). The quies- 
cence, which is characterized by a soft spectrum (likely thermal) 
shows a luminosity of ~ 10 32 erg s" 1 so that SFXTs display a dy- 
namic range of 3-5 orders of magnitude. Their hard X-ray spectra 
during outburst resemble those of HMXBs hosting accreting neu- 
tron stars, with hard power laws below lOkeV combined with high 
energy cut-of fs at ~ 15-30 keV , sometimes stron gly absorbed at 
soft energies dWalter et alj|2006t ISidoli et al.ll2006b . Therefore, it 
is tempting to assume that all SFXTs might host a neutron star, 
even if pulse periods have only been measured for a few SFXTs. 
Consensus has not been reached yet on the actual mechanism pro- 
ducing the outbursts, but it is probably related to e ither the proper- 
ties of the wind from the supergiant companion din't Zand! [20051; 
Walter & Zurita Heraj |2007|; INegueruela et all 120081; ISidoli et al.1 
20071) or the presence of gated mechanisms teozzo et alj|2008h . 

Swift is currently the only observatory which, thanks to its 
unique fast-slewing capability and its broad-band energy coverage, 
can catch outbursts from these fast transients in their very early 
stages and study them panchromatically as they evolve, thus pro- 
viding invaluable information on the nature of the mechanisms pro- 
ducing them. 

Furthermore, thanks to its flexible observing scheduling, 
which makes a monitoring effort cost-effective, Swift has given 
SFXTs the first non serendipitous attention through monitoring 
campaigns that cover all phases of their lives with a high sensi- 
tivity in the soft X-ray regime, where most SFXTs had not been 
observed before (Romano et al. 2009b). 

In our previous papers of this series, we described the long- 



term X-ray emissi on outside th e bright outbursts based on the first 
4 months of data dSidoli et all 2008bl. Pa per I); th e outbursts of 
IGR J 16479-4514 dRomano et alj|2008ci Paper II; iRomano etal] 
2009b, Paper V); a nd the prototypical IGR J17544 -2619 and 
XTE J17391— 302 Jsidoli et all |2009cL Paper III; ISidoli et all 
l2009al. Paper IV). 

In this paper we continue our characterization of the long term 
properties of our sample as derived from a two-year-long high- 
sensiti vity X-ray coverage. We report on the new X-ray Telescope 
(XRT. iBurrows et al.l2005f) and the UV/Optical Telescope (UVOT, 
iRoming et al.l2005h data collected in 2009 between January 29 and 
November 3 and we exploit the longer baseline for in-depth soft X- 
ray spectral analysis. Furthermore, we show our r esults on the out- 
bursts caught by the Burst Alert Telescope (BAT, iBarthelmv et all 
l2005h during the second year of our monitoring campaign, as well 
as the BAT on-board triggers registered during 2009. 



2 SAMPLE AND OBSERVATIONS 

During the second year of Swift observations, we moni- 
tored three targets, XTE J1739-302, IGR J17544-2619, and 
IGR J16479— 4514. 

XTE J1739- 302 was discovered in August 1997 by RXTE 
(Smith et al. 1998), when it reached a peak flux of 3.6x 10~ 9 erg 
cm~ 2 s _1 (2-25 keV) and has a long history of flaring activity 
recor d ed by INTEGRAL dSguera et al.l200d;IWalter & Zurita Heraj 
l2007l ; lBlavetaLll2008h an d by Swift dSidoli et alj|2009cl lal). Re- 
cently, iDrave et all j2010l) reported the discovery of a 51.47 ± 
0.02 d orbital period based on - 12.4Ms of INTEGRAL data. The 
optical counterpart is an 081 star ( INegueruela et alj|2006l) . 

The first recorded flare fr om IGR J17544— 261 9 was ob- 
served by INTEGRAL in 2003 dSunvaev et all 120031) , when the 
source reached a flux of 160 mCrab (18-25 keV). Several more 
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flares, lasting up to 10 hours, were det e cted b y INTEGRAL in the 
following years dGrebenev et alj|2003l. |2004 ISguera et alj [20061 : 



IWalter & Zurita Herasll2007l : iKuulkers et alJl2007h with fluxes up 
to 400 mCrab (20-40 keV) and some wer e found in archival Bep 
poSAX observations l in't Zand et alj2004 ). Subsequent flar es were 



observe d by Swift jKrimm et alj|2007l: ISidoli et al Il2009d lah. and 
Suzaku teampv et alj|2009l) . Recently. Iciark et al.1 d2009h reported 



the discovery of a 4.926 ± 0.0001 d orbital period based on the 
~ 4. 5 years of INTEGR AL data. The optical counterpart is an 091b 
star dPellizza et ai]|2006l) . 

IGR J16479— 45 14 was discovered by INTEGRAL in 2003 
(Mol kovetai]|2003h . during an outburst that reached the flux 
level of ~ 12mCrab (18-25 keV). Since then the source has 
shown frequent flaring a ctivity, recorded by both INTEGRAL 
( ISguera et al.ll2005l, [ 2006; Walte r & Zurita H eras 200 ^) and Swift 
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jKennea et al.1 12005 1 : iMarkwardt & Krimml I200i 
2008d: iBozzo et al.N2009l ; iRomano et al.ll200 9b). which led to its 
inclusi on in the SFXT class. The optical coun t erpart is an 08.51 
star teahoui et al]|2008h . Recently. IBozzo et al.1 (T2008) reported an 
episode of sudden obscuration in a long XMM-Newton observa- 
tion obtained after the 2009 March 19 outburst, possibly an X-ray 
eclipse by the su pergiant companion. This was later confirmed by 
Jain etal. (2009), who discovered a 3.32 d orbital pe riod in the first 
4 years of BAT data and RXTEIkSM data, and by IRomano etal] 
(2009b) by using XRT observations covering one year. 

We monitored the first two targets as they are generally con- 
sidered prototypical SFXTs, and the latter because of its frequent 
triggering of the BAT since the beginning of the mission. We 
planned two observations week -1 object -1 (IGR J16479— 4514 
and IGR J17544— 2619) and 3 observations week -1 object -1 
(XTE J 1739-302), each Iks long. The observation logs are re- 
ported in Tables Q] [2] and [3] This strategy was chosen to fit within 
the regular observing schedule of the main observing targets for 
Swift, 7-ray bursts (GRBs). Furthermore, in order to ensure simul- 
taneous narrow field instrument (NFI) data, the Swift Team enabled 
automatic rapid slews to these objects following detection of flares 
by the BAT, in the same fashion as is currently done for GRBs. Dur- 
ing the campaign we often requested target of opportunity (ToO) 
observations whenever one of the sources showed interesting activ- 
ity, or following outbursts to better monitor the decay of the XRT 
light curve, thus obtaining a finer sampling of the light curves and 
allowing us to study all phases of the evolution of an outburst. 

During the second year (2009), we collected a total of 228 
Swift observations as part of our program, for a total net XRT ex- 
posure of ~ 243 ks accumulated on all sources and distributed as 
shown in Table|4] 



3 DATA REDUCTION 

The XRT data were uniformly processed with standard procedures 
(XRTPIPELINE vO. 12.3), filtering and screening criteria by using 
FTOOLS in the HEASOFT package (v.6.7). We considered both 
windowed-timing (WT) and photon-counting (PC) mode data, and 
select ed event grades 0-2 and 0-12, respectively dBurrows et al.1 
2005). When appropriate, we corrected for pile-up by determining 
the size of the affected core of the point spr ead function (PSF) b y 
comparing the observed and nominal PSF dVaughan et alj 2006), 
and excluding from the analysis all the events that fell within 
that region. We used the latest spectral redistribution matrices in 
CALDB (20091130). 

The BAT data of the outbursts (see Sect. [5} were analysed 



using the standard BAT software within FTOOLS. Mask-tagged 
BAT light curves were created in the standard energy bands, and 
rebinned to fulfil at least one of the following conditions, achieving 
a signal-to-noise (S/N) of 5 or bin length of 100 s. Response ma- 
trices were generated with BATDRMGEN using the latest spectral 
redistribution matrices. For this paper we al s o con sidered the BAT 
Transient Monitor data jKrimm et al]|2006l . 1200811^1 covering the 
same time interval as the NFI pointed observations. The data were 
rebinned to a 4 d resolution to ensure a larger number of detections 
and to closely match the NFI sampling. 

The UVOT observed the 3 targets simultaneously with the 
XRT. The data of XTE J1739-302 and IGR J16479— 45 14 were 
taken in general with the 'Filter of the Day' (FoD), i.e. the fil- 
ter chosen for all observations to be carried out during a spe- 
cific day in order to minimize the filter wheel rotation (u, uvwl, 
uvw2 and uvm2), while IGR J17544— 2619 was only observed 
with UVOT from 2009-06-06 to 2009-09-30, in the uvwl and v 
filters, and in FoD for the remainder of the campaign. However, 
during the outbursts of 2009-03-10 of XTE J1739-302 and 2009- 
06-06 of IGRJ 17544-2619 all filt ers were used in the typical 
GRB sequence (Rom ing et alj|2005h . The data analysis was per- 
formed using the UVOTIMSUM and UVOTSOURCE tasks included 
in the FTOOLS software. The latter task calculates the magni- 
tude through aperture photometry within a circular region and ap- 
plies specific corrections due to the detector characteristics. The re- 
p orted magnitudes a re on the UVOT photometric system described 
in lPoole et alj (2008J), and are not corrected for Galactic extinction. 
At the position of IGR J16479— 4514, no detection was achieved 
down to a 3a limit of u — 21.27 mag. 

All quoted uncertainties are given at 90 % confidence level 
for one interesting parameter unless otherwise stated. The spectral 
indices are parameterized as F„ oc v~ a , where F„ (erg cm -2 s _1 
Hz - ) is the flux density as a function of frequency u; we adopt 
T = a + 1 as the photon index, N(E) oc E~ F (ph cm -2 s" 1 
keV -1 ). 



4 TIMING 

4.1 XRT light curves and inactivity duty cycle 

The 0.2-10 keV XRT light curves collected from 2007 October 
26 to 2009 November 3, are shown in Fig. Q] They are corrected 
for pile-up, PSF losses, and vignetting, and background-subtracted. 
Each point in the light curves refers to the average flux observed 
during each observation performed with XRT; the exceptions are 
the outbursts (listed in Tabled where the data were binned to in- 
clude at least 20 source counts per time bin to best represent the 
count rate dynamical range. 

One of our goals is to calculate the percentage of time each 
source spent in each flux state. We consider our monitoring as a 
casual sampling of the light curve at a resolution of ~ 3-4 d over a 
> 2 yr baseline. We considered the following three states, i) BAT- 
detected outburst, ii) intermediate state (all observations yielding a 
firm detection excluding outburst ones), Hi) 'non detections' (de- 
tections with a significance below 3a). From the latter state we ex- 
cluded all observations that had a net exposure below 900 s [corre- 
sponding to 2-10 keV flux limits that vary between 1 and 3xl0~ 12 
erg cm ~ 2 s _1 (3a), depending on the source, see IRomano et al.1 
(2009b)]. This was done because Swift is a GRB-chasing mission 



http://swift.gsfc.nasa.gov/docs/swift/results/transients/ 
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IGR J 16479-45 14 



Table 5. Duty cycle of inactivity of the three SFXTs (2-year campaign). 
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Figure 1. SwiftfXRT (0.2-10 keV) light curves. The data were collected 
from 2007 October 26 to 2008 November 15 (first year, grey) and from 
2009 January 29 to November 3 (second year, red). The downward-pointing 
arrows are 3<r upper limits. The upward pointing arrows mark flares that 
triggered the BAT Transient Monitor on M JD 54414 and 54906 . Data up to 
MJD ~ 54770 (grey) were published in lRomano et alj i2009bl) . 
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Figure 2. Swift/BAT Transient Monitor light curves in the 15-50 keV en- 
ergy range in units of counts s — 1 cm -2 . 



Name 




AT E 


-f^short 


IDC 


RateAT s 






(ks) 


(%) 


(%) 


(10 _3 counts s _1 ) 


IGRJ16479- 


-4514 


29.7 


3 


19 


3.1 ±0.5 


XTE J1739- 


-302 


71.5 


10 


39 


4.0 ±0.3 


IGRJ17544- 


-2619 


69.3 


10 


55 


2.2 ±0.2 



Count rates are in units of 10 counts s in the 0.2-10keV energy 
band. AT E is sum of the exposures accumulated in all observations, each 
in excess of 900 s, where only a 3cr upper limit was achieved; P s hort is 
the percentage of time lost to short observations; IDC is the duty cycle of 
inactivity, i.e., the time each source spends undetected down to a flux limit 
of l-3xl0~ 12 erg cm~ 2 s _1 ; RateAT E is detailed in the text (Sect. l4.1> . 



and several observations were interrupted by GRB events; therefore 
the consequent non detection may be due to the short exposure, and 

not exclusively to the source being faint. 

The duty cycle of inactivity is defined dRomano et al.lf2009bl) 
as the time each source spends undetected down to a flux limit of 



1-3x10"^ erg cm" 
IDC = ATe / [ATtc 



(1 - Pshort)] 



(1) 



where ATe is sum of the exposures accumulated in all observa- 
tions, each in excess of 900 s, where only a 3a upper limit was 
achieved (Table [5] column 2), AT to t is the total exposure accu- 
mulated (Table [4] column 5), and P s hort is the percentage of time 
lost to short observations (exposure < 900 s, Table [5] column 
2). We obtain that IDC = 19,39,55%, for IGR 116479-4514, 
XTE J1739-302, and IGR J17544-2619, respectively (Table [5] 
column 3), with an estimated error of ~ 5 %. We note that these 
values are based on the whole 2-year campaign, and that the IDC 
calculated with the observations of 2009 only is 21, 39, 55 %. Fi- 
nally, as we can consider our monitoring as a casual sampling of 
the light curve, we can also infer that the time these sources spend 
in bright outbursts is between 3 and 5 % of the total (estimated error 
of ~ 5 %). 



4.2 BAT transient monitor data and on-board detections 

The 15-50 keV BAT Transient Monitor light curves collected from 
2007 October 26 to 2009 November 3, are shown in Fig.[2] rebinned 
at a 4 d resolution. The two gaps in each of the BAT light curves 
preceded and followed by points with large error bars are an artifact 
of Swift's Sun-avoidance pointing strategy. When the sources are 
near the Sun, they will be found only at the edges of the BAT FOV, 
where the sensitivity is reduced and for a few weeks each year the 
sources cannot be observed at all. 

In Table [6] we report the BAT on-board detections in the 15- 
50keV band. If an alert was generated, a BAT trigger was assigned 
(Column 4) and notices were disseminatec0. For some of these trig- 
gers a burst response (slew and repointing of the NFI) was also ini- 
tiated, depending on GRB observing load, observing constraints, 
and interest in the sources. More details on several of these triggers 
can be found in the papers of our series (see Table[4] for references). 
The combination of all these data show how active the sources are 
outside the bright outbursts when observed by the BAT. 



http://gcn.gsfc.nasa.gov/gcn/swift_grbs.html 
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Table 6. BAT on-board detections in the 15-50 keV band during 2009. 



MJD 


Date 


Time a 


BAT Trigger N. b S/N c 






IGRJ16479-4514 




54860 


2009-01-29 


06:32:06-06:48:1 


341452 (NTT) 10.68 


54895 


2009-03-04 


17:43:07-18:13:47 




54915 


2009-03-25 


00:13:07 




54958 


2009-05-06 


19:06:51 




54986 


2009-06-03 


23:45:07 




55079 


2009-09-05 


00:09:35 




55116 


2009-10-12 


03:25:31-03:47:39 








XTEJ1739-302 




54901 


2009-03-10 


18:18:35-18:45:15 


346069 (NFI) d 6.81 


55079 


2009-09-05 


05:00:27 




55107 


2009-10-03 


01:07:15-01:16:51 








IGRJ17544-2619 




54945 


2009-04-24 


11:19:15 




54988 


2009-06-06 


07:49:00 


354221 (NFI)° 8.15 


55002 


2009-06-20 


02:45:39 




55024 


2009-07-12 


10:59:55 




55063 


2009-08-20 


03:16:43 




55074 


2009-08-30 


12:33:55 




55132 


2009-10-28 


19:24:11 





a Time of the start of the BAT trigger, or the time range when on-board 
detections were obtained. 

b BAT regular trigger, as was disseminated through GCNs. NFI indicates 
that there are data from the narrow-field instrument. 



c On-board image significance in units of a. 
d This work, SectO 
° This work, Sect l5.2l 



4.3 UVOT light curves 

The UVOT performed observations simultaneously with the XRT, 
throughout most of the Swift/XRT monitoring of the SFXTs. 
Figure [3^,b shows the UVOT u and uvwl light curves of 
XTE J1739— 302 of the whole campaign. The dashed vertical lines 
mark the X-ray outbursts. The u and uvwl magnitudes show vari- 
ability of marginal statistical significance; a fit against a constant 
yields X l(u) = 2.13 for 45 de grees of freedom (dof), null hypoth- 
esis probability nhp= 1.5 x 10~ 5 (~ 4 a), and xi(uvwl) — 2.18 
for 20 dof, nhp= 1.6 x 10~ 3 (~ 3cr). The uvw2 magnitudes 
are mostly upper limits, and the 5 detections yield a mean of 
uvw2 = 20.42 ± 0.14 mag. In lRomano et alj d2009br) we reported 
a marginally significant (2-3 a) increase of the u magnitude during 
the first recorded outburst of this source (2008-04-08, MJD 54565), 
while during the second outburst (2008-08-13, MJD 54692) the u 
magnitude is consistent with the mean for the whole campaign. The 
third reported outburst (2009-03-10, MJD 54901), like the second, 
shows no variation of the u magnitude, with respect to the mean 
of the campaign. Observations were also taken once in the v and b 
filters during 2009 as a follow-up ToO (obs. 00030987132), where 
we measure v = 15.25 ± 0.03 and b = 18.21 ± 0.07 mag. Both 
values are consistent with the ones obtained during and away from 
outbursts. 

In Fig. [4] we show the UVOT uvwl light curve of 
IGR J17544— 2619. It is remarkably stable, as a fit against a con- 
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Figure 3. UVOT light curves of XTE J1739-302. The filters used are indi- 
cated in each panel. The vertical dashed lines mark the BAT outbursts. 
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Figure 4. UVOT uvwl light curve of IGR J17544-2619. The vertical 
dashed lines mark the BAT outbursts. 



stant yields \^{uvwl) = 1.08 for 26 dof, nhp= 0.35. There 
are also a few observations performed in the other filters. We 
obtain uvm2 = 20.3 ± 0.3 mag, uvm2 — 20.0 ± 0.3 mag, 
uvm2 = 19.9 ± 0.2 mag, uvm2 = 19.9 ± 0.3 mag (obs. 
00035056089, 00035056141, 00035056142, 00035056148, respec- 
tively), uvw2 = 18.16 ± 0.06 mag and uvw2 = 18.05 ± 0.06 
mag (obs. 00035056143 and 00035056144), and it = 15.25 ±0.09 
mag (obs. 00035056145). During the 2009 June 6 outburst (obs. 
354221000, MJD 54988) all filters were used. The observed mag- 
nitudes are u = 15.16 ± 0.01 mag, b = 14.55 ± 0.04 mag, 
uvwl — 16.7 ± 0.2 mag. The uvwl value is consistent with those 
obtained during the remainder of the campaign. The b magnitude is 
very close to the coincidence limit, therefore was heavily corrected 
for coincidence loss. 



5 OUTBURSTS IN 2009 

The year 2009 opened with the outb urst of IGR J16479-45 14 on 
January 29, which we reported on in Romano et aD 42009b). Here 
we analyze the data from three more outbursts caught from the 
sources in our sample. 



5.1 IGR J17391 3021 

XTE J1739-302 triggered the BAT on 2009 March 10 at 18:39:55 
UT (image trigger=346069). We report the BAT light curve in the 
15-25 keV band in Fig. [5] The time-averaged spectrum (T+0.0 to 
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Figure 5. BAT light curve in the 15-50 keV band of the 2009 March 10 
outburst of XTE J1739— 302, in units of counts s — 1 det -1 . 
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Table 7. Spectral fits of simultaneous XRT and BAT data of 
IGR J17544-2619 during the 2009 June 06 outburst. 



Model 


JV H a 


r 




E c 


E f 


Flux c 


X 2 /dof 


P0W b 
HCT b 
CPL b 


9 9 +0.3 
z - -0.2 
1 +0 ' 2 

1 +0 ' 3 


1.7j 
0.6j 
0.4^ 


-0.1 
-0.1 
-0.2 
-0.4 
-0.3 
-0.3 


3ti 
7tt 


*±i 


2.6 
1.9 
1.9 


1.53/117 
0.92/115 
0.94/116 



a Absorbing column density is in units of 10 22 cm 2 . 
b POW=simple absorbed powerlaw. HCT= absorbed powerlaw with high 
energy cutoff E c (keV), e-folding energy Ef (keV). CPL=cutoff powerlaw 
with energy cutoff E c (keV). 

c Unabsorbed 0.5-100 keV flux is in units of 10 -9 erg cm -2 s _1 . 



T+320.0s) is best fit by a simple power-law model with a pho- 
ton index of 2.8±g;|, and the 15-50 keV flux is 7.6 x 1CT 10 erg 
cm 2 s _1 . Swift did not slew immediately in response to this trig- 
ger, so no NFI data were collected simultaneously with the BAT 
data. Observation 00030987107 (1.9 ks net exposure, see Table |2j 
was obtained as a high-priority ToO observation, instead. The light 
curve obtained between T+5257 s and T+10538 s since the trigger 
shows a mean count rate of 0.4—1 counts s _1 . The mean XRT/PC 
spectrum can be fit with an absorbed powerlaw with a photon 
index of T = 1.1 ± 0.4 and an absorbing column density of 
Nn = (3 ± 1) X 10 22 cm" 2 (xl = 1.1 for 25 dof). The mean 
unabsorbed 2-10 keV flux is 9 x 10~ n erg cm 2 s _1 , which trans- 
lates into a luminosity of 7 x 10 34 erg s _1 (assuming a distance 
of 2.7 kpc. lRahoui et alj2008f) . Further ToO observations were per- 
formed on 2009 March 11 (obs. 00030987108, 00030987109 in 
Table[2}, when the XRT count rate was down to a few 10 -2 counts 
s _1 . These spectral results are in general agreement with those ob- 
tained during previous outbursts, both in terms of hard photon index 
and in terms of a relatively lower column density (comparable with 
the out-of-outburst values). 



5.2 IGR J17544 2619 

Two outbursts of IGR J 17544-2619 were caught during 2009. The 
first was observed by the BAT Transient Monitor as a sequence of 
bright flares. In the Swift pointings starting at 2009-03-15 23:52:40 
UT (1024 s exposure) and at 2009-03-16 01:27:36 UT (1152 s) the 



Figure 6. Light curves of the 2009 June 6 outburst of IGR J17544-2619. 
The XRT data preceding the outburst were collected as a pointed observa- 
tion, part of our monitoring program. The BAT data are in units of counts 
s _1 det -1 . 




Energy (keV) 

Figure 7. Spectroscopy of the 2009 June 6 outburst of IGR J17544-2619. 
Top: Data from the XRT/WT spectrum and simultaneous BAT spectrum fit 
with a CUTOFFPL model. Bottom: residuals in units of standard deviations. 



source reached 0.026 ± 0.005 counts s 1 cm 2 (115 mCrab, 15- 
50keV band) and 0.032 ± 0.005 counts s _1 cm" 2 (140 mCrab), 
respectively. It then faded below detectability before re-brightening 
twice more on 2009 March 16: 95 mCrab in a 1152 s exposure 
beginning 06:16:40 UT and then to 85 mCrab in a 384 s expo- 
sure beginning at 09:25:52. XRT observations were performed as 
part of our regular monitoring on 2009 March 14 (see Table [3), 
~ 46 h before the BAT outburst. A 3er upper limit was obtained at 
1.6 x 10 -2 counts s -1 . A later observation, obtained as a ToO on 
2009 March 16 (~ 16 h after the outburst), yielded a 3<r upper limit 
at 1.3 x 10~ 2 counts s _1 . 

IGR J17544-2619 triggered the BAT on 2009 June 06 at 
07:48:59 UT (image trigger=354221). Swift immediately slewed 
to the target, so that the NFIs started observing about 164 s after 
the trigger. Figure [6] shows the XRT and BAT light curves, where 
it must be noted that the first two XRT points, preceding the out- 
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Figure 8. Spectroscopy of the 2007-2009 observing campaign. Left. Upper panels: XRT/PC data fit with an absorbed power law. Lower panels: the residuals 
of the fit (in units of standard deviations). Filled blue circles, green empty circles, and red filled triangles mark high, medium, and low states, respectively. 
Right. The Ax 2 = 2.3, 4.61 and 9.21 contour levels for the column density in units of 10 22 cm -2 vs. the photon index, with best fits indicated by crosses. 
The labels L, M, and H mark low, medium, and high states, respectively. 



burst, were collected as a pointed observation, part of our monitor- 
ing program. The initial XRT burst data (WT mode in observation 
00354221000, see Tabled 170-446 s since the trigger) show a de- 
caying light curve with a count rate that started at about 20 counts 
s _1 . The following PC data (448-538s) seamlessly continue the 
decaying trend down to about 2 counts s" 1 . The WT spectrum, ex- 
tracted during the peak of the outburst (with a grade selection to 
mitigate residual calibration uncertainties at low energies) results 
in a hard X-ray emission. When fit with an absorbed power law, 
we obtain a photon index of 1.051q'j4 ant ^ a c °l umn density of 
Nh = (1.3 ± 0.2) x 10 22 cm -2 (xl = 1-04 for 104 dof). The 
unabsorbed 2-10keV flux is 9.5 x 10~ 10 erg cm" 2 s" 1 . The PC 
spectrum (unabsorbed 2-10 keV flux ~2x 10" 10 erg cm" 2 s" 1 ) 
fitted with a power-law model yiel ds a photon index of 1.1 ± 0.7 
and 7V H = (1.2±^;|) x 10 22 cm" 2 ICasbM 19791) statistics and spec- 
tra binned to 1 count bin" 1 ; C-stat= 69.08 for 47 % of 10 4 Monte 



Carlo realizations with fit statistic less than C-stat], consistent with 
the WT data fit. 

BAT mask-weighted spectra were extracted over time inter- 
vals strictly simultaneous with XRT data. We fit the simultaneous 
BAT+XRT spectra in the time interval 170-446 s since the BAT 
trigger, in the 0.3-10 keV and 15-150 keV energy bands for XRT 
and BAT, respectively. Factors were included in the fitting to al- 
low for normalization uncertainties between the two instruments, 
constrained within their usual ranges (0.9-1.1). Table|7Jreports our 
fits. A simple absorbed power-law model is clearly an inadequate 
representation of the broad band spectrum with a xi = 1-53 for 
117 dof). We then considered other curved models typically used 
to describe the X-ray emission from accreting pulsars in HMXBs, 
such as an absorbed power-law model with a high energy cut-off 
(HIGHECUT in XSPEC) and an absorbed power-law model with an 
exponential cutoff (CUTOFFPL). The latter models provide a sat- 
isfactory deconvolution of the 0.3-150 keV emission, resulting in 
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a hard powerlaw-like spectrum below lOkeV, with a roll over of 
the high energies when simultaneous XRT and BAT data fits are 
performed. Figure[7]shows the fits for the CUTOFFPL model. 



6 OUT-OF-OUTBURST X-RAY SPECTROSCOPY 

We characterize the spectral properties of the sources in several 
states, by accumulating the events in each observation when the 
source was not in outburst and a detection was achieved. We se- 
lected three count rate levels, CRi, CR2, and CR3 (reported 
in Table [8} that would yield comparable statistics in the ranges 
CRi < CR < CR 2 (low), CR 2 < CR < CR 3 (medium), and 
CR > CR3 (high). If the statistics did not allow this, then we only 
considered two intensity levels (high and medium). Exposure maps 
and ARF files were c reated following the procedure described in 
iRomano et al. (2009b). The spectra were rebinned with a minimum 
of 20 counts per energy bin to allow \ 2 fitting. Each spectrum was 
fit in the energy range 0.3-10 keV with a single absorbed power 
law. 

We accumulated all data for which no detections were ob- 
tained as single exposures (whose combined exposure is ATb, re- 
ported in Table [5] column 2), and performed a detection. The re- 
sulting cumulative mean count rate for each object is reported in 
Table [5] (column 5). Spectra were also extracted from these event 
lists. They consisted of ~ 200-300 counts each, so Cash statis- 
tics and spectra binned to 1 count bin -1 were used, instead. When 
fitting with free parameters, the best fit value for Nh turned out 
to be consistent with 0, i.e., well below the column derived from 
optical spectroscopy. We therefore performed fits by adopting as 
lower limit on the absorbing column the value derived from the 
Galact ic extinction estimate along the line of sight to each source 
from iRahoui et al. (2008), with a conversion into Hydr ogen col- 
umn, N K = 1.79 x 10 21 A v cm 2 jPredehl & Schmittll995h . Fig.H 
shows the spectra and contour plots of photon index vs. column 
density; the spectral parameters are reported in Table [8] where 
we also report the average 2-10keV luminosities calculated by 
adopting distances of 4.9 kpc for IGR J16479-4514, 2.7 kpc for 
X TE J 1739 -302 and 3.6 kpc for IGR J17544-2619 determined 
bv lRahoui et"aLH2008h from optical spectroscopy of the supergiant 
companions. We also performed fits with an absorbed black body, 
obtaining consistent results with Rom ano et al. U2009bh . 



7 DISCUSSION 

In this paper we report the results of a monitoring campaign with 
Swift that spans more than a two-year baseline. Thanks to the 
unique characteristics of Swift we can investigate the properties of 
SFTXs on several timescales (from minutes to days, to years) and in 
several intensity states (bright flares, intermediate intensity states, 
and down to almost quiescence). 

During the second year of monitorning 2 different sources 
flared 3 times, and in 2 cases we obtained multi-wavelength obser- 
vations (see Table Ell. XTE J 1739 -302 triggered the BAT on 2009 
March 10. Our results are in general agreement with those obtained 
during previous outbursts, both in terms of hard photon index and 
in terms of a relatively lower column density (comparable with 
the out-of outburst values). When IGR J17544— 2619 triggered 
the BAT on 2009 June 06, simultaneous BAT and XRT data were 
collected, thus allowing broad band spectroscopy. The soft X-ray 
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Figure 9. Light curves of the outbursts of SFXTs followed by Swift/XKT 
referred to their respective BAT triggers. Points denote detections, trian- 
gles 3<t upper limits. Red data points refer to observations presented here 
for the first time, while grey data points refer to data presented elsewhere. 
Note that where no data are plotted, no data were collected. Vertical dashed 
lines mark time intervals equal to 1 day, up to a week. Panels ( a), (b) show 
the fla res from XTE J1739-302 (2008-04-08, 2008-08-13; ISidoli et alj 
2009c a), while panel (c) refers to the 2009 March 10 flare reported here 
for the first time. Panels ( d), (e) show the fla res from IGR J17544-2916 
(2008-03-31, 2008-09-04; ISidoli et aljF2009cll3) . while panel (f) refers to 
the 2009 June 06 flare also reported here for the first time. 



spectral properties observed during this flare are generally consis- 
tent with those observed with Chandra (T = 0.73 ± 0.13, Nh = 



^3x 10 9 erg cm 2 s 



(1.36 ± 0.22) x 10 22 cm -2 , peak flux of ■ 

lin'tZandf2 005). However, when XRT and BAT data are jointly fit, 
an absorbed power-law model is inadequate in fitting the broad 
band spectrum, and more curvy models are required. We consid- 
ered an absorbed power-law model with a high energy cut-off and 
an absorbed power-law model with an exponential cutoff, models 
typically used to describe the X-ray emission from accreting neu- 
tron stars in HMXBs. We obtained a good deconvolution of the 
0.3-150 keV spectrum, characterized by a hard power law below 
lOkeV and a well-constrained cutoff at higher energies. 

In Fig. [9] we compare the light curves of the most re- 
cent outbursts of XTEJ1739-302 and IGR J17544-2619 (red 
points) observed by Swift during the second year of monitor- 
ing, together with the previous outbursts of these sources fol- 
lowed by Swift/XKF (grey points). The light curves are referred 
to their respective BAT triggers (unless the flare did not trigger 
the BAT, Fig. [9^). The most complete and deep set of X-ray 
observations of an outburst of a SFXT is the one of the peri- 
odic SFXT IGR Jl 1215-5 952 dRomano et ai]|2007l ; Isidoli et all 
120071 ; I Rom ano et aD|2009c), which was instrumental in discov- 
ering that the accretion phase during the bright outbursts lasts 
much longer than a few hours, as seen by lower-sensitivity instru- 
ments, and contrary to what initially thought at the time of the 
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Table 8. XRT spectroscopy of the three SFXTs (2007-2009 data set). 



Name 
Absorbed power law 


Spectrum 


Rate 
(counts s~ ) 


7V H 
(10 22 cm" 2 ) 


Parameter 

r 


Flux" 
(2-10 keV) 


Luminosity 6 
(2-10 keV) 


X ?/dof c 
Cstat(%) 


IGRJ16479- 


-4514 


high 
medium 
low 
very low d 


>0.55 
[0.22-0.55[ 
[0.06-0.22[ 

<0.06 


a 9 +0.8 

o fi +0.8 

7 1+0.6 
'-0.6 
n n + 0.4 
o -°-0.0 


1 l+°' 2 

± - 1 -0.2 
i q+0.2 
1 -°-0.2 
1 4+0-2 

l.8lg; 3 2 


120 
53 
17 
1.3 


5 

2 

0.7 
0.04 


1.2/193 
0.9/197 
1.0/205 
302.5(99.5) 


XTEJ1739- 


-302 


high 
medium 
very low d 


>0.405 
[0.07-0.405[ 
<0.07 


o 7+0.5 
J - '-0.4 

O + 0.4 

d ' S -0.4 

1 7 +o.i 
1 - ' -0.0 


0.81°;? 

14+0-1 
— o.i 

I 4+0-2 


120 
18 
0.5 


1 

0.2 
0.004 


1.0/160 
0.9/164 
321.9(98.6) 


IGRJ17544- 


-2619 


high 
medium 
very low d 


>0.25 
[0.07-0.25 [ 
<0.07 


I Q+0-3 

9 q+0.3 

^■■^-0.3 

1 1+ 01 


1 o + O.l 
1 - c> -0.1 
i 7+0.2 
1 -'-0.2 
9 1+0.2 


46 
14 
0.2 


0.8 
0.3 
0.003 


1.0/118 
1.0/108 
183.1(85.1) 



a Average observed 2-10keV fluxes in units of 10 — 12 erg cm -2 s — 1 . 

b Average 2-10keV X-ray luminosities in units of 10 35 erg s — 1 calculated adopting distances determined by Raho uTet alj j2008h . 

c Reduced x 2 and dof, or Cash statistics C-stat and percentage of realizations (10 4 trials) with statistic > Cstat. 

d Fit performed with constrained column density (see Sect[6}. 



discovery of this new class of sources (e.g., ISguera et al.ll2005h . 
This behaviour is now found to be a common characteristic of the 
whole sample of SFXTs followed by Swift, as our observations on 
IGR J16479 -4514, IGR J08408-4 5 03, and SAX J1818 6- 1703 
demonstrate dRomano et alJ l2009bl lal: Isidoli et al.l [2009b , respec- 
tively; the vertical dashed lines in Fig.[9]mark time intervals equal 
to 1 day, up to a week). In the same manner, our observations show 
that both the large dynamical range (up to 4 orders of magnitude) 
in flux and a multiple-peaked structure of the light curves of the 
bright outbursts are equally common characteristics of the sample. 

In the optical/UV we see only marginal variability in the u 
and uvwl magnitudes of XTE J1739 — 302, and we could exclude 
a variation of flux corresponding to the X-ray outburst. The uvwl 
light curve of IGR J 17544— 2619 is observed to be remarkably sta- 
ble. This is consistent with the optical/UV emission being domi- 
nated by the constant contribution of the companion stars. 

Variability in the X-ray flux is observed at all timescales 
and intensity ranges we can probe. Figure \10\ shows, for each 
of the monitored sources, a montage of time sequences of the 
Swift/XRT data where detection was achieved (binned at a 100 s 
and 20 s resolution for PC and WT data, respectively) and with 
observing and orbital gaps removed from the time axis. Superim- 
posed on the day-to-day variability (best shown in Fig. Q] which is 
binned to a day resolution) is intra-day flaring. As Fig. [10] shows, 
the latter involves flux variations up to one order of magnitude 
that can occur down to timescales as short as an XRT snapshot 
(< 1 ks). This remarkable short time scale variability cannot be 
accounted for by accretion from a homogeneous wind. On the 
contrary, it can be naturally explained by the accretion of sin- 
gle clumps composing the donor wind, independently on the de- 
tailed geometrical and kinematical properties of the wind and the 
properties of the accreting compact object. If, for example, we 
assume that each of these short flares i s caused by the accretion 
of a single clump onto the NS (e.g., lin't Zand 2005), then its 
mass can be estimated dWalter & Zurita Herasl 120071) as Mci = 



7.5 x 10 (ix,36)(ifl,3ks) g, where L x ,36 is the average X-ray 
luminosity in units of 10 36 erg s _1 , ifl^ks is the duration of the 
flares in units of 3 ks. We can confidently identify flares down to 



a count rate in the order of 0. 1 counts s 1 (within a snapshot of 
about 1 ks; see Fig. |10t ; these correspond to luminosities in the 
order of 2-6 x 10 34 erg s"\ which yield M d ~ 0.3-2 x 10 19 
g. Th ese masses are about those expected 1 Walt er & Zurita Herasl 
|2007|) to be responsible of short flares, below the INTEGRAL de- 
tection threshold and which, if frequent enough, may significantly 
contribute to the mass-loss rate. 

Our Swift monitoring campaign has demonstrated for the first 
time that X-ray emission from SFXTs is present o utside the bright 
outbursts dSidoli etal.ll2008bl ;l Romano et al . 2009b), although at a 
much lower level thus showing how frequent and typical in SFXTs 
is accretion at a low level rate. In this paper we refined the in- 
tensity selected spectroscopy of the out-of-outburst emission, by 
adopting absorbed power laws which yield hard power law pho- 
ton ind ices (r~l-2). All the se results are consistent with our find- 
ings in iRomano et al] |2009b) and show that accretion occurs over 
several orders of magnitude in luminosity (3 for XTE J1739 — 302 
and 2 for the others; Table [8}, even when excluding the bright 
outbursts. In particular, the lowest luminosities we could study 
with Swift are 4xl0 32 erg s" 1 and 3xl0 32 erg s" 1 (2-10 keV; 
'very low' intensity level in Table [8} for XTE J1739-302 and 
IGR J17544— 2619, respectively. These low luminosities are not 
consistent with Bondi-Hoyle accretion from a spherically symmet- 
ric steady wind |Bondi & Hovlejll944[). as previously reported by 
iDrave et alj d2010h and IClark et al.l ( 120091) for these two SFXTs, 
thus arguing for a clumpy nature of the accreting wind. This is con- 
sistent with our findings on short timescale variability, which also 
requires inhomogeneities in the wind. 

In the following, we assess the percentage of time each source 
spends at a given flux state. Figure Qj] shows the distributions of 
the observed count rates after removal of the observations where a 
detection was not achieved (same sample as in Fig.QI)] with PC and 
WT data binned at 100 s). In all cases a roughly Gaussian shape is 
observed, with a broad peak at ~ 0.1 counts s~ , and a clear cut 
at the detection limit for 100 s at the low end. In particular, when 
the distributions are fit with a Gaussian function we find that their 
means and a are 0.12 and 3.4 counts s" 1 for IGR J16479-4514, 
0.06 and 4.9 counts s _1 for XTE J1739-302, and 0.13 and 3.1 
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Figure 10. Svvf/f/XRT (0.2-10 keV) montage of time sequences. The numbers in the plot identify each observing sequence (see Table[TJ[2] and[5J, with 000 
marking outburts. Non observing intervals and orbital gaps have been cut out from the time axis and replaced by thick vertical bars to separate different 
sequences and thin grey bars to separate different orbits within each sequence. Each point represents a 100 s bin in PC and a 20 s bin in WT modes. As a 
reference, on the bottom-left we show the 1000 s time unit. The light curves are corrected for pile-up PSF losses, vignetting and background-subtracted. 
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counts s _1 for IGR J17544— 2619, respectively. This indicates that 
the most probable flux level at which a random observation will 
find these sources, when detected, is 3 x 1CF 11 , 9 x 1CF 12 , and 
1 x 10 -11 erg cm -2 s _1 (unabsorbed 2-10 keV, obtained using 
the medium spectra in Table [8}, corresponding to luminosities of 
~ 8 x 10 34 , 8 x 10 33 , and 2 x 10 34 erg s" 1 , respectively. Fig- 
ure[TT]also shows the hint of an excess at > 10 counts s~ 4 . Since 
this count rate is where the WT data of the outbursts are concen- 
trated, we also show them in the insets (dashed histograms) binned 
at 20 s resolution, which is more appropriate for such count rates. 
In this case, a clear peak emerges to represent the flaring state of 
the sources. 

We have also calculated the time each source spends unde- 
tected down to a flux limit of 1-3 xlO -12 erg cm -2 s -1 , and we 
obtain IDC = 19, 39, 55 %, for IGR J16479-4514, XTE J1739- 
302, and IGR J17544— 2619, respectively, with an estimated error 
of ~ 5%. We note that these values are based on the whole 2- 
year campaign, and that the IDC calculated with the observations 
of 2009 only is 21, 3 9, 55 %. These results c an be compared with 
the ones reported in iRomano et alj d2009bl) , where we obtained 
IDC = 17, 39, 55 %, for IGR J16479-4514, XTE J 1739-302, and 
IGR J17544— 2619, respectively. We now have a baseline twice as 
long and almost a factor of two higher exposure; the sampling of 
the light curves has slightly changed during 2009. Nevertheless, the 
calculated IDC values are remarkably stable, which is indicative of 
the robustness of this method with respect to the sampling pace. 
Considering our monitoring as a casual sampling of the light curve 
for two years, we can also infer that the time these sources spend 
in bright outbursts is between 3 and 5 % of the total. 
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Figure 11. Distribution of the count rates when the XRT light curves 
are binned at 100 s. The vertical lines correspond to the background. The 
hashed histograms are points which are consistent with a zero count rate. 
The insets show the subset of WT data only, when binned at 20 s. 
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Table 1. Observation log for IGR J16479-4514. 
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Table 2. Observation log for IGR J17391 -3021. 



Sequence Instrument/Mode Start time (UT) End time (UT) Net Exposure 

(yyyy-mm-dd hh:mm:ss) (yyyy-mm-dd hh:mm:ss) (s) 



00030987098 


PC 


2009- 


-02- 


-21 


13 


:32 


:13 


2009- 


-02- 


-21 


15 


:19 


:57 


1382 


00030987099 


PC 


2009- 


-02- 


23 


07 


:26 


:20 


2009- 


-02- 


■23 


09 


:11 


:58 


1354 


00030987100 


PC 


2009' 


-02- 


-25 


14 


:13 


:53 


2009- 


-02- 


-25 


15 


:56 


:58 


1123 


00030987101 


PC 


2009' 


-02- 


-27 


23 


:51 


:23 


2009- 


-02- 


■27 


23 


:59 


:44 


487 


00030987102 


PC 


2009' 


-03- 


-02 


01 


:42 


:07 


2009- 


03 


■02 


01 


:57 


:57 


939 


00030987103 


PC 


2009- 


-03- 


■04 


00 


:28 


:00 


2009- 


-03- 


■04 


03 


:43 


:57 


811 


00030987104 


PC 


2009' 


-03- 


■06 


02 


:12 


:57 


2009- 


-03- 


06 


05 


:35 


:56 


833 


00030987105 


PC 


2009- 


-03- 


-08 


03 


:33 


:33 


2009- 


-03- 


-08 


03 


:53 


:56 


1201 


00346069000 


BAT/evt 


2009- 


-03- 


■10 


18 


:36 


:00 


2009- 


03 


■10 


18 


:56 


:02 


1202 


00030987107 


PC 


2009- 


-03- 


■10 


20 


:07 


:35 


2009- 


-03- 


■10 


21 


:35 


:54 


1883 


00030987108 


PC 


2009- 


-03- 


11 


05 


:52 


:47 


2009- 


-03- 


-1 1 


07 


:19 


:57 


1975 


00030987109 


PC 


2009- 


-03- 


-11 


13 


:28 


:45 


2009- 


03 


-1 1 


14 


:01 


:56 


1976 


00030987106 


PC 


2009- 


-03- 


■11 


20 


:16 


:24 


2009- 


-03- 


-1 1 


23 


:44 


:55 


1361 


00030987110 


PC 


2009- 


■03- 


-13 


13 


:55 


:19 


2009- 


-03- 


■13 


14 


:11 


:57 


986 


00030987111 


PC 


2009- 


-03- 


■15 


19 


:04 


:51 


2009- 


03 


-15 


20 


:45 


:57 


862 


00030987112 


PC 


2009- 


-03- 


-21 


05 


:03 


:14 


2009- 


-03- 


-21 


05 


:24 


:56 


1288 


00030987113 


PC 


2009- 


-03- 


-23 


22 


:53 


:06 


2009- 


03 


■23 


23 


:14 


:58 


1257 


00030987114 


PC 


2009- 


-03- 


■25 


16 


:54 


:16 


2009- 


-03- 


-25 


18 


:43 


:56 


1322 


00030987115 


PC 


2009- 


-03- 


27 


17 


:10 


:56 


2009- 


-03- 


-27 


17 


:15 


:57 


282 


00030987116 


PC 


2009- 


-03- 


■30 


17 


:19 


:23 


2009- 


-03- 


-30 


18 


:59 


:56 


900 


00030987117 


PC 


2009' 


-04- 


■01 


14 


:14 


:04 


2009- 


-04- 


01 


15 


:58 


:58 


180 


00030987118 


PC 


2009- 


-04- 


■06 


16 


:19 


:14 


2009- 


-04- 


06 


18 


:06 


:56 


1353 


00030987120 


PC 


2009- 


-04- 


■11 


07 


: 15 


:28 


2009- 


-04- 


■11 


08 


:59 


:56 


869 


00030987121 


PC 


2009' 


-04- 


-12 


05 


:47 


:30 


2009- 


-04- 


-12 


07 


:31 


:29 


801 


00030987122 


PC 


2009' 


-04- 


■17 


14 


:04 


:05 


2009- 


-04- 


17 


14 


:23 


:56 


1186 


00030987124 


PC 


2009- 


-04- 


-22 


01 


:44 


:10 


2009- 


-04- 


-22 


03 


:27 


:57 


1155 


00030987125 


PC 


2009- 


-04- 


24 


01 


:58 


:43 


2009- 


-04- 


-24 


04 


:59 


:57 


1189 


00030987126 


PC 


20(» 


-04- 


-29 


17 


:03 


:39 


2009- 


-04- 


■29 


20 


:20 


:56 


1162 


00030987127 


PC 


2009- 


-05- 


-01 


20 


:17 


:41 


2009- 


-05- 


■01 


20 


:33 


:56 


961 


00030987128 


PC 


2009- 


-05- 


■04 


12 


:15 


:55 


2009- 


-05- 


■04 


12 


:31 


:55 


943 


00030987129 


PC 


2009- 


■05- 


■06 


23 


:45 


:39 


2009- 


-05- 


06 


23 


:59 


:57 


856 


00030987130 


PC 


2009' 


-05- 


-08 


00 


:03 


:19 


2009- 


-05- 


-08 


05 


:09 


:56 


919 


00030987131 


PC 


2009' 


■05- 


-15 


17 


:00 


:32 


2009- 


-05- 


-15 


18 


:43 


:56 


927 


00030987132 


PC 


2009- 


-05- 


18 


15 


:18 


:35 


2009- 


-05- 


-18 


15 


:32 


:57 


845 


00030987133 


PC 


2009- 


-05- 


■20 


01 


:18 


:12 


2009- 


-05- 


■20 


01 


:33 


:57 


933 


00030987134 


PC 


2009- 


-05- 


-22 


23 


:55 


:04 


2009- 


-05- 


■23 


00 


:07 


:56 


753 


00030987135 


PC 


2009- 


-05- 


-25 


09 


:40 


:45 


2009- 


-05- 


-25 


11 


:27 


:56 


1102 


00030987136 


PC 


2009- 


-05- 


27 


06 


:23 


:01 


2009- 


-05- 


-27 


09 


:43 


:56 


1295 


00030987137 


PC 


2009- 


-05- 


29 


21 


:36 


:23 


2009- 


-05- 


■29 


23 


:15 


:56 


812 


00030987139 


PC 


2009' 


06 


-03 


04 


:22 


:19 


2009- 


06 


-03 


05 


:34 


:57 


957 


00030987140 


PC 


2009' 


■06- 


■10 


14 


:26 


:00 


2009- 


06 


■10 


16 


:16 


:57 


1484 


00030987141 


PC 


2009' 


■06- 


-12 


04 


:41 


:14 


2009- 


06 


■12 


04 


:55 


:57 


875 


00030987142 


PC 


2009- 


■06- 


■14 


13 


:04 


:58 


2009- 


06 


■14 


16 


:33 


:57 


1465 


00030987143 


PC 


2009- 


■06- 


■17 


1 1 


:59 


:25 


2009- 


06 


-17 


13 


:45 


:57 


1253 


00030987144 


PC 


2009' 


06 


19 


13 


:34 


:34 


2009- 


06 


■19 


15 


:19 


:58 


1106 


00030987145 

UUUJU70 / l^J 


PC 


2009. 


■06- 


-22 


21 


50 


01 


2009- 


06 


-22 


21 


:55 


:05 


289 


00030987146 


PC 


2009- 


■06- 


24 


20 


;34 


:06 


2009- 


06 


■24 


22 


:18 


:58 


1009 


00030987147 


PC 


2009- 


-06- 


26 


04 


:38 


;26 


2009- 


06 


-26 


08 


:12 


:08 


919 


00030987148 


PC 


2009- 


■06- 


29 


18 


:07 


:36 


2009- 


06 


■29 


19 


:50 


:58 


837 


00030987149 


PC 


2009- 


-07- 


01 


13 


:15 


:25 


2009- 


-07- 


01 


13 


:36 


:56 


1288 


00030987150 


PC 


2009- 


-07- 


■03 


17 


:58 


:50 


2009- 


-07- 


03 


18 


:22 


:57 


1439 


00030987151 


PC 


2009- 


-07- 


■08 


18 


:46 


:26 


2009- 


-07- 


-08 


19 


:04 


:57 


1086 


00030987152 


PC 


2009- 


-07- 


■10 


17 


:34 


:35 


2009- 


-07- 


-10 


20 


:32 


:56 


777 


00030987154 


PC 


2009- 


-07- 


■17 


09 


:58 


:00 


2009- 


-07- 


■17 


11 


:34 


:58 


1049 


00030987155 


PC 


2009- 


-07- 


■20 


13 


:27 


:01 


2009- 


-07- 


■20 


15 


:09 


:56 


535 


00030987156 


PC 


2009- 


-07- 


■22 


18 


:22 


:50 


2009- 


-07- 


-22 


18 


:39 


:56 


1019 


00030987157 


PC 


2009- 


-07- 


24 


15 


:24 


:43 


2009- 


-07- 


-24 


15 


:40 


:56 


966 


00030987159 


PC 


2009- 


-07- 


29 


10 


:44 


:26 


2009- 


-07- 


-29 


11 


:04 


:57 


1218 


00030987160 


PC 


2009- 


-08- 


■03 


21 


:05 


:26 


2009- 


-08- 


■03 


21 


:26 


:57 


1273 


00030987161 


PC 


2009- 


-08- 


■05 


21 


:10 


:28 


2009- 


-08- 


-05 


21 


:26 


:56 


978 


00030987162 


PC 


2009- 


-08- 


■07 


08 


:19 


:05 


2009- 


-08- 


■07 


10 


:08 


:56 


1262 


00030987163 


PC 


2009- 


-08- 


■10 


21 


:30 


:24 


2009- 


-08- 


-10 


23 


14 


:57 


881 



SFXTs with Swift: two years of monitoring 15 



Table 2. Observation log for IGR J 1739 1-3021. Continued. 



Sequence Instrument/Mode Start time (UT) End time (UT) Net Exposure 

(yyyy-mm-dd hh:mm:ss) (yyyy-mm-dd hh:mm:ss) (s) 



00030987164 


PC 


2009- 


-08- 


■12 


05 


:38 


:33 


2009- 


-08- 


■12 


08 


:57 


:57 


1198 


00030987166 


PC 


2009- 


-08- 


-22 


14 


:39 


:23 


2009- 


-08- 


-22 


16 


:56 


:56 


900 


00030987167 


PC 


2009' 


-08- 


24 


21 


:17 


:04 


2009- 


-08- 


-24 


21 


:27 


:56 


648 


00030987168 


PC 


2009' 


-08- 


26 


02 


:13 


:22 


2009- 


-08- 


-26 


02 


:31 


:58 


1080 


00030987169 


PC 


2009' 


-08- 


■31 


04 


: 16 


:51 


2009- 


-08- 


-31 


04 


:42 


:56 


1555 


00030987170 


PC 


2009- 


09 


■02 


06 


:33 


:58 


2009- 


09 


■02 


08 


:15 


:57 


570 


00030987171 


PC 


2009' 


■09- 


■09 


06 


:40 


:15 


2009- 


09 


■09 


08 


:23 


:56 


1045 


00030987172 


PC 


2009- 


■09- 


-1 1 


08 


:46 


:47 


2009- 


09 


-1 1 


09 


:01 


:57 


904 


00030987173 


PC 


2009' 


■09- 


-14 


12 


:22 


:51 


2009- 


09 


■14 


12 


:31 


:57 


528 


00030987 1 74 


PC 


2009- 


■09- 


16 


15 


:36 


36 


2009- 


09 


-16 


15 


:52 


:57 


968 


00030987175 


PC 


2009- 


09 


18 


10 


:47 


:06 


2009- 


09 


-18 


12 


:35 


:57 


834 


00030987176 


PC 


2009- 


■09- 


-21 


02 


:55 


:51 


2009- 


09 


-21 


04 


:39 


:56 


808 


00030987177 


PC 


2009- 


■09- 


23 


00 


:03 


:21 


2009- 


09 


-23 


12 


:59 


:58 


844 


00030987178 


PC 


2009- 


■09- 


28 


21 


:39 


:16 


2009- 


■09 


-28 


23 


:24 


:56 


1383 


00030987179 


PC 


2009- 


10 


■02 


21 


:47 


:31 


2009- 


■10 


■02 


22 


:02 


:57 


904 


00030987180 


PC 


2009- 


10 


■05 


20 


:35 


:06 


2009- 


■10 


-05 


22 


:19 


:57 


1052 


00030987181 


PC 


2009- 


-10 


■07 


01 


:26 


:48 


2009- 


■10 


■07 


03 


:11 


:56 


1031 


00030987182 


PC 


2009- 


10 


09 


01 


:50 


:41 


2009- 


■10 


■09 


03 


:33 


:55 


1287 


00030987183 


PC 


2009- 


10 


12 


21 


:12 


:04 


2009- 


■10 


■12 


22 


:55 


:58 


1426 


00030987184 


PC 


2009- 


10 


-14 


16 


:28 


:06 


2009- 


■10 


■14 


21 


:21 


:58 


1080 


00030987185 


PC 


2009- 


10 


16 


21 


:28 


:03 


2009- 


■10 


-16 


21 


:44 


:56 


1008 


00030987186 


PC 


2009- 


10 


19 


21 


:53 


:02 


2009- 


■10 


■19 


23 


:37 


:57 


1065 


00030987187 


PC 


2009- 


10 


■21 


01 


:18 


:31 


2009- 


■10- 


-21 


01 


:19 


:56 


65 


00030987188 


PC 


2009- 


10 


-26 


22 


:39 


:02 


2009- 


■10 


-26 


22 


:44 


:56 


333 


00030987189 


PC 


2009- 


10 


28 


11 


:27 


:04 


2009- 


■10 


-28 


13 


:24 


:58 


1663 


00030987191 


PC 


2009- 


11 


01 


00 


:37 


:38 


2009- 


■11 


01 


00 


:54 


:56 


1030 



16 P. Romano et al. 

Table 3. Observation log for IGR J17544-2619. 



Sequence Instrument/Mode Start time (UT) End time (UT) Net Exposure 

(yyyy-mm-dd hh:mm:ss) (yyyy-mm-dd hh:mm:ss) (s) 



00035056083 


PC 


2009- 


-02- 


-21 


16 


:45 


:15 


2009- 


-02- 


-21 


18 


:32: 


57 


1387 


00035056084 


PC 


2009- 


-02- 


24 


07 


:31 


:27 


2009- 


-02- 


-24 


07 


:50: 


:58 


1160 


00035056085 


PC 


2009' 


-02- 


28 


01 


:28 


:32 


2009- 


-02- 


-28 


01 


:45: 


:57 


1034 


00035056086 


PC 


2009' 


-03- 


-03 


19 


:35 


:54 


2009- 


03 


■03 


21 


:18: 


:57 


784 


00035056087 


PC 


2009' 


-03- 


■07 


20 


:03 


:32 


2009- 


03 


■07 


21 


:41: 


56 


268 


00035056088 


PC 


2009- 


-03- 


■14 


01 


:11 


:35 


2009- 


-03- 


-14 


01 


:28: 


56 


1031 


00035056089 


PC 


2009' 


-03- 


16 


15 


:35 


:47 


2009- 


-03- 


-16 


17 


:17: 


37 


2126 


00035056090 


PC 


2009^ 


-03- 


-21 


17 


:59 


:47 


2009- 


-03- 


-21 


19 


:40: 


56 


1450 


00035056091 


PC 


2009' 


-03- 


28 


18 


:37 


:33 


2009- 


-03- 


-28 


18 


:53: 


56 


946 


00035056092 


PC 


2009- 


-03- 


31 


14 


:11 


:()9 


2009- 


-03- 


-31 


14 


:15: 


:57 


281 


00035056093 


PC 


2009- 


-04- 


■04 


17 


:56 


:()2 


2009- 


-04- 


■04 


18 


:()2: 


56 


410 


00035056094 


PC 


2009- 


■04- 


■07 


00 


:20 


:07 


2009- 


-04- 


■07 


00 


:39: 


:57 


916 


00035056095 


PC 


2009- 


-04- 


11 


10 


:30 


:29 


2009- 


-04- 


•11 


12 


:14: 


:58 


889 


00035056096 


PC 


2009- 


-04- 


18 


04 


:35 


:54 


2009- 


-04- 


-18 


04 


:38: 


57 


163 


00035056097 


PC 


2009^ 


■04- 


-25 


00 


:26 


:41 


2009- 


-04- 


-25 


00 


•42: 


:58 


698 


00035056098 


PC 


2009- 


-04- 


28 


07 


:20 


:35 


2009- 


-04- 


-28 


13 


:42: 


.55 


2118 


00035056099 


PC 


2009' 


-05- 


-02 


09 


:02 


:27 


2009- 


-05- 


■02 


09 


:18: 


:57 


968 


00035056100 


PC 


2009' 


-05- 


■05 


01 


:31 


:22 


2009- 


-05- 


-05 


03 


:12: 


57 


962 


00035056101 


PC 


2009- 


-05- 


■09 


04 


:42 


:29 


2009- 


-05- 


■09 


06 


:27: 


56 


1237 


00035056102 


PC 


2009^ 


■05- 


16 


02 


:35 


:27 


2009- 


-05- 


-16 


04 


:25: 


:57 


865 


00035056103 


PC 


2009' 


-05- 


19 


17 


:21 


:57 


2009- 


-05- 


-19 


19 


:03: 


:57 


879 


00035056104 


PC 


2009- 


-05- 


-23 


09 


:28 


:09 


2009- 


-05- 


-23 


1 1 


:16: 


57 


1361 


00035056105 


PC 


2009' 


-05- 


-24 


22 


:29 


:23 


2009- 


-05- 


-25 


00 


: 15: 


56 


959 


00035056106 


PC 


2009' 


-05- 


-25 


14 


:29 


:38 


2009- 


-05- 


-26 


06 


:27: 


56 


565 


00035056107 


PC 


2009' 


-05- 


■30 


23 


:00 


:07 


2009- 


-05- 


-30 


23 


:08: 


56 


519 


00035056108 


PC 


2009- 


■06- 


■02 


07 


:23 


:10 


2009- 


06 


■02 


09 


:()2: 


56 


400 


00035056110 


PC 


2009- 


-06- 


06 


04 


:32 


:43 


2009- 


06 


06 


09 


:08: 


57 


332 


00354221000 


BAT/evt 


20(» 


■06- 


■06 


07 


:45 


:04 


2009- 


06 


06 


08 


:05- 


06 


1202 


00354221000 


WT 


2009- 


■06- 


06 


07 


:51 


:53 


2009- 


06 


06 


07 


:56: 


:29 


276 


00354221000 


PC 


2009- 


■06- 


06 


07 


:56 


:3I 


2009- 


06 


06 


07 


:58: 


01 


90 


00354221001 


PC 


2009- 


■06- 


06 


08 


:58 


:36 


2009- 


06 


06 


09 


:()5: 


57 


417 


00035056109 


PC 


2009' 


06 


■06 


09 


:20 


02 


2009- 


06 


06 


11 


:09: 


:57 


776 


00035056111 


PC 


2009' 


■06- 


■06 


15 


:17 


:45 


2009- 


06 


06 


20 


:48: 


:54 


4409 


00035056112 


PC 


2009- 


■06- 


■10 


17 


:43 


:17 


2009- 


06 


■10 


19 


:30: 


57 


1376 


00035056113 


PC 


2009- 


■06- 


-13 


09 


:44 


:23 


2009- 


06 


■13 


1 1 


:29: 


58 


1016 


00035056114 


PC 


20(» 


■06- 


16 


18 


:24 


:52 


2009- 


06 


■16 


18 


:27: 


57 


143 


00035056115 


PC 


2009- 


06 


■20 


02 


:36 


:19 


2009- 


06 


■20 


07 


:39: 


.57 


1551 


00035056116 


PC 


2009- 


■06- 


23 


18 


:36 


:44 


2009- 


06 


-23 


18 


:55: 


59 


1060 


00035056117 


PC 


2009- 


■06- 


26 


06 


:14 


:29 


2009- 


06 


-26 


06 


:27: 


09 


745 


00035056118 


PC 


2009' 


■06- 


■30 


16 


:19 


:39 


2009- 


06 


-30 


16 


:44- 


56 


1510 


00035056119 


PC 


2009' 


-07- 


-01 


13 


:01 


:1 1 


2009- 


-07- 


01 


14 


:50: 


56 


1511 


000350561 20 


PC 


2009' 


-07- 


-03 


19 


56 


:46 


2009- 


-07- 


■03 


21 


50: 


57 


2051 


00035056121 


PC 


2009- 


-07- 


■07 


23 


:35 


:35 


2009- 


-07- 


■07 


23 


:46: 


57 


672 


00035056122 


PC 


2009- 


-07- 


11 


15 


:57 


:25 


2009- 


-07- 


■11 


19 


:21: 


57 


2141 


00035056124 


PC 


2009- 


-07- 


■17 


08 


:32 


:07 


2009- 


-07- 


■17 


10 


:16: 


56 


1063 


00035056125 


PC 


2009- 


-07- 


-21 


00 


:54 


:22 


2009- 


-07- 


■21 


02 


:06: 


:57 


1068 


00035056126 


PC 


2009- 


-07- 


25 


18 


:35 


:12 


2009- 


-07- 


-25 


18 


:54: 


56 


1165 


00035056127 


PC 


2009- 


-07- 


28 


12 


:15 


:35 


2009- 


-07- 


■28 


12 


:30: 


18 


864 


00035056128 


PC 


2009- 


-07- 


-31 


03 


:18 


:44 


2009- 


-07- 


-31 


03 


:31: 


56 


783 


00035056129 


PC 


2009- 


-08- 


■04 


19 


:30 


:26 


2009- 


-08- 


■04 


19 


:46: 


56 


943 


00035056131 


PC 


2009- 


-08- 


11 


23 


:13 


:57 


2009- 


-08- 


-11 


23 


:29: 


:58 


944 


00035056132 


PC 


2009- 


-08- 


-22 


22 


:43 


:53 


2009- 


-08- 


-22 


22 


:56: 


58 


761 


00035056134 


PC 


2009- 


■09- 


■05 


05 


:00 


:41 


2009- 


■09 


-05 


05 


:17: 


:57 


1016 


00035056135 


PC 


2009- 


■09- 


■12 


11 


:46 


:59 


2009- 


-09- 


■12 


12 


:07: 


:57 


1251 


00035056136 


PC 


2009- 


■09- 


19 


23 


:40 


:40 


2009- 


09 


■19 


23 


:59: 


56 


1146 


00035056137 


PC 


2009- 


■09- 


-22 


01 


:27 


:14 


2009- 


09 


-22 


03 


:16: 


58 


1331 


00035056138 


PC 


2009- 


09 


-29 


13 


:29 


:21 


2009- 


09 


-29 


16 


:51: 


:57 


1563 


00035056139 


PC 


2009. 


■09- 


■30 


20 


:26 


:37 


2009- 


■09 


-30 


23 


:43: 


:58 


947 
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Table 3. Observation log for IGR J17544-2619. Continued. 



Sequence Instrument/Mode Start time (UT) End time (UT) Net Exposure 







(yyyy-mm-dd hh:mm:ss) 


(yyyy-mm-dd hh:mm:ss) 


(s) 


00035056141 


PC 


2009-10-06 06:04:55 


2009-10-06 06:22:58 


1070 


00035056142 


PC 


2009-10-10 05:01:15 


2009-10-10 06:50:57 


1571 


00035056143 


PC 


2009-10-13 01:56:47 


2009-10-13 02:23:56 


1607 


00035056144 


PC 


2009-10-17 23:09:57 


2009-10-17 23:31:56 


1316 


00035056146 


PC 


2009-10-27 03:18:01 


2009-10-27 03:33:56 


942 


00035056147 


PC 


2009-10-31 05:12:03 


2009-10-31 05:30:57 


1113 


00035056148 


PC 


2009-11-03 10:29:20 


2009-11-03 10:46:58 


1058 



